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(57) ABSTRACT

A process to produce a polymer liquid crystalline composi-
tion having temperature dependency of desired circular
polarization selective reflection wave length property by
only mixing two or more kinds of starting materials having
different weight-average molecular weight comprising, mix-
ing two or more kinds of rigid rodlike helical polymers with
chiral side chains having different weight-average molecular
welght synthesized from same molecules and having same
repeating unit whose molecular weight distribution defined
by the ratio of weight average molecular weight/number
average molecular weight 1s from 1.00 to 1.25, and control-
ling weight average molecular weight, number average
molecular weight and molecular weight distribution by
mixing ratio.
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PROCESS FOR PRODUCING LIQUID
CRYSTAL OF DESIRED PROPERTIES BY
MIXING TOGETHER AT LEAST TWO RIGID
RODLIKE HELICAL POLYMERS WITH
NARROW MOLECULAR WEIGHT
DISTRIBUTIONS AND DIFFERENT
WEIGHT-AVERAGE MOLECULAR
WEIGHTS WITH CHIRAL SIDE CHAINS

FIELD OF THE INVENTION

The present invention relates to a process for producing
polymers showing desired liquid crystal property, in par-
ticular, showing cholesteric liquid crystal property by simply
mixing rigid rodlike polymers having chiral side chains with
narrow molecular weight distributions and different weight-
average molecular weights whose molecular weight distri-
bution and molecular weight are previously fixed.

DESCRIPTION OF THE PRIOR ART

The inventors of the present invention considered that the
polymer for a desired object can be optinally produced by
fractionating rigid rodlike helical optically active polysi-
lanes with bimodal molecular weight distribution having
optically active alkyl side chain group, which has a branch-
ing structure at {3 site, into polymer with specific molecular
welght range and by observing the property of the fraction-
ated polymer, and, found out a unique liquid crystal property
by observing chemical property change along with the
temperature change of the polymer whose molecular weight
1s relatively small (Japanese Patent Laid-Open Publication
2001-164251, published on Jun. 19, 2001).

That 1s, the inventors of the present invention found that
polysilanes, which show cholesteric liquid crystal property,
has a characteristic to alter circular polarization wave length
property largely by difference of molecular weight and by

temperature change.

Further, the inventors of the present invention synthesized
poly(n-decyl-(s)-2-methylbutylsilane) (PD2MBS) by Wurtz
type condensation process, fractionated 1t to the sample
whose molecular distribution 1s from 1.05 to 1.20 and
welght-average molecular weight (Mw) 1s from 20,000 to
50,000, and the liquid crystal constitution of the obtained
sample was observed by a polarization microscope and the
identification of liquid crystal phase was carried out by X ray
(small angle X ray structural diffraction, wide angle X ray
diffraction).

Then, the inventors of the present invention carried out
the structural observation of PD2MBS whose weight-aver-
age molecular weight 1s 36700 and molecular weight dis-
tribution 1s 1.13, and reported that the polymer forms
smectic A phase by the observation of small angle X ray
structural diffraction, space-distance of layers i1s approxi-
mately corresponds to molecular length, smectic A phase
transiforms to cholesteric phase with elevation of tempera-
ture and reflection of wide angle X ray diflraction becomes

sharp along with the drop of temperature [Liquid Crystal
Forum; published on Sep. 27, 2001, No. 3D12, Polymer

Forum; held on Sep. 13, 2001, No. II 17].

The subject of the present mvention 1s to develop said
former study and to provide a process to produce a polymer
composition having temperature dependency of desired cir-
cular polarization selective reflection wave length property
casily. On 1investigating the correlation of the polymer
composition obtained by said observation with liquid crystal
transierring behavior, the iventors of the present invention
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considered that, by observing what liquid crystal property 1s
obtained when the polymer-ifractions fractionated previously
are mixed, by previously carrying out synthesis of polymer
composition and fractionating the synthesized polymer com-
position, a polymer composition which meets to the require-
ment of the liquid crystal property can be obtained by simply
mixing above mentioned fractionated polymers. Accord-
ingly, the mventors of the present invention blended the
polymer-fractions fractionated previously, observed the lig-
uid crystal property of the blended composition and found
out, for example, that the compound of liquid crystal prop-
erty having temperature dependency of desired circular
polarization selective reflection wave length property can be
obtained with good reproducibility, thus the subject of the
present invention could be dissolve.

SUMMARY OF THE INVENTION

The present mvention 1s a process to produce a polymer
liqguid crystalline composition having temperature depen-
dency of desired circular polarization selective reflection
wave length property by only mixing two or more kinds of
starting materials obtained by fractionation having different
welght-average molecular weight comprising, mixing two or
more kinds of rigid rodlike helical polymers with chiral side
chains having different weight-average molecular weight
synthesized from same molecule and with same repeating
umt whose molecular weight distribution indicated by the
ratio of weight average molecular weight/number average
molecular weight 1s from 1.00 to 1.25, and controlling
welght average molecular weight, number average molecu-
lar weight and molecular weight distribution by mixing
ratio.

Desirably, the present invention 1s a process to produce a
polymer liquid crystalline composition which shows tem-
perature dependency of desired circular polarization selec-
tive reflection wave length property by thermo-tropic liquid
crystalline phase by only mixing two or more kinds of

starting materials whose weight average molecular weight
are diflerent.

In above mentioned i1nventions, the present invention 1s
the process to produce a polymer liquid crystalline compo-
sition having temperature dependency of desired circular
polarization selective reflection wave length property by
only mixing two or more kinds of starting materials having
different weight-average molecular weight whose molecular
weight distribution and weight average molecular weight are
previously fixed comprising, the polymer compositions hav-
ing two or more kind of different weight average molecular
weight, which are polymers synthesized from molecules
whose rigid rodlike helical repeating unit having chiral side
chain with fixed molecular weight distribution and weight
average molecular weight, wherein said polymer composi-
tion 1s the polymer having a repeating unit represented by
following general formula A.

general formula A

[in general formula A, R' and R” are the groups selected
independently from alkyl group of carbon number 2-22 or
alkyl group of carbon number 2-22 having aryl group at the
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end, R’ is a chiral alkyl group having branch structure at
site, R* 15 a chiral alkyl group having branch structure at o
site, 3 site (or vy site), left-handed (S) and/or right-handed (R)
and when (S) and (R) are existing together with, at least 1%
of either 1s contained. mZ0, (n+m)=Z0.01]

Desirably, the present invention 1s the process to produce
a polymer liquid crystalline composition having temperature
dependency of desired circular polarization selective retlec-
tion wave length property by only mixing two or more kinds
of starting materials having diflerent weight-average
molecular weight whose molecular weight distribution and
weight average molecular weight are previously fixed,

wherein the weight-average molecular weight of the poly-
mers to be mixed 1s from 10000 to 100000.

BRIEF ILLUSTRATION OF THE DRAWINGS

FIG. 1 shows the GPC elution curve of fractionated
sample Frll1 (a) mentioned in Table 1 and GPC elution curve
of fractionated sample prepared by mixing Fr10 to fraction-
ated sample 11 by mixing ratio of 7:3 (b).

FIG. 2 shows the temperature dependency of circular
dichroism selective reflection spectrum of {ractionated
sample Frll (a) mentioned 1n Table 1 and the temperature
dependency of circular dichroism selective reflection spec-
trum of mixed specimen prepared by mixing fractionated
sample Frll and Fr10 by mixing ratio of 7:3 (b). Since
vertical axis and elliptic modulus are in proportion to the
thickness of the specimen, arbitrary number 1s used.

FIG. 3 shows the GPC elution curve of specimen prepared
by mixing fractionated sample Frll and Fr9 mentioned in
Table 1 by mixing ratio of 7:3.

FIG. 4 shows the temperature dependency of circular
dichroism spectrum of specimen prepared by mixing irac-
tionated sample Frll and Fr9 mentioned in Table 1 by
mixing ratio ol 7:3. Since vertical axis and elliptic modulus
are 1n proportion to the thickness of the specimen, arbitrary
number 15 used.

FIG. 5 shows the temperature dependency of the peak
wave-length of circular dichroism selective reflection spec-
trum at each temperature of fractionated sample Frll (@)
mentioned 1 Table 1, specimen prepared by mixing frac-
tionated sample Fr1l and Fr10 by mixing ratio of 7:3 (O)
and specimen prepared by mixing fractionated sample Frll
and Fr9 by mixing ratio of 7:3 (O).

DESCRIPTION OF THE PREFERRED
EMBOBYMENT

A. Production of Polymer Compositions and Fractionated
Polymers Used in the Present Invention.

(1) Synthesis of n-decyl-(S)-2-methylbutyldichlorosilane,
which 1s the Starting Material Polymer.

3.9 g (0.16 mol) of magnesium was contained nto a dry
300 mL three-necked flask and replaced by argon gas. 50 mL
of tetrahydrofurane (hereinafter shortened to THF) was
added and heated to 70° C. Then small amount of dibro-
mobutane was added and stirred so as to activate the surface
of magnesium. 14.3 g (0.13 mol) of 1-chloro-(S)-2-meth-
ylbutane was dropped by a dropping funnel and stirred for
2 hours. Then cooled down to room temperature and Grig-
nard reagent was obtained.

After that, THF (50 mL) and 44.25 g (0.16 mol) of
n-decyltrichlorosilane were poured into a dry 300 mL three-
necked tlask. The temperature was elevated to 60° C. and the
obtained THF solution of Grignard reagent was dropped 1n
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it slowly. The obtained product was pressed, filtrated and
33.26 g of crude product was obtained, then was distilled
and fractionated by a vacuum distillater (0.8 mHg) utilizing
the difference of boiling point of dichlorosilane [100° C. (0.8
mHg)] which 1s the subjected product and that of trichlo-
rosilane [130° C. (0.8 mHg)] which 1s the starting matenial.

(2) Synthesis of Polysilane

Inside of 500 mL three-necked flask, which 1s a reacting
vessel was degassed well and replaced by argon gas.
18-crown ether-6 (34.0 mg) was contained 1n said reacting
vessel and heated to 120° C. (on o1l bath). 0.3 g (12.84
mmol) of sodium metal and 50 mL of dehydrated toluene
were added into the reacting vessel and 2.0 g (6.42 mmol)
of starting material monomer was dropped slowly with
constant stirring. When viscosity became high, viscosity was
reduced by adding dehydrated toluene. After stirring for 2
hours, reacted mixed solution was filtrated by pressing. A
polymer before purification was a bimodal polymer having
peaks at approximately 80 and 50000 of molecular weight.

(3) Fractionation of Polymer

To the toluene solution of polymer after all synthesis
processes were completed, small amount of 1sopropylalco-
hol was added and from the high molecular weight compo-
nents were precipitated. Generated precipitation was centri-
fuged, filtrated by press filtration and dried by vacuum
drying so as to obtain a fractionated sample. By repeating
same process on residue solution, from higher molecular
weight fraction to lower molecular weight fraction was
fractionated 1n order. The solvent to be added was changed
in order from 1sopropylalcohol to ethanol, to methanol and
to water in connection with polymer molecular weight
fractionated. Fractions obtained by said fractionation pro-
cess are summarized i1n Table 1.

TABLE 1
Fraction
(Fr) Mw Mn Mw/Mn
Frl 505300 183300 2.76
Fr2 149300 127700 1.17
Fr3 96100 85500 1.13
Fr4 76600 69700 1.10
EFr5 63600 58800 1.08
EFré 49000 44800 1.09
Fr7 38500 35699 1.08
Fr8 31700 29700 1.07
Fr9 25500 24000 1.06
Fr10 20900 19700 1.06
Frll 11100 10000 1.11
EXAMPLE

The present mvention will be illustrated more 1n detail
according to the {following Examples. However, these
Examples are intending to make obvious the usefulness of
the present invention and not intending to limit the scope of
the claims of the present invention.

Measuring condition;

GPC: Product of Waters, 150-Ctype, Gel osmotic chroma-
tography

Circular dichroism measurement: Product of Nihon Bunko
Co., Ltd., J-720WI circular dichroism scattring meter
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Example 1

Liquid crystal properties of polymer composition
obtained by mixing of said fractionated fractions;

GPC elution curves of fractionated sample Frl1, which 1s
in Table 1, and specimen prepared by mixing this Fr11 with
Fr10 by mixing ratio of 7:3 are shown 1n (a) and (b) 1n FIG.
1. Weight average molecular weight of the specimen
becomes (Mw)=13700, Mw/Mn=1.18 by mixing and
accordingly molecular weight distribution 1s relatively
broadened.

FIG. 2(a) shows the temperature dependency of circular
dichroism selective reflection spectrum of Iractionated
sample Frll and FIG. 2(b) shows the temperature depen-
dency of circular dichroism reflection spectrum of mixed
specimen prepared by mixing fractionated sample Fr1l and
Fr10 by mixing ratio of 7:3. When compared by same
measuring temperature, 1t 1s obvious that the peak wave-
length of circular dichroism selective reflection spectrum
shifts to longer wave-length region by mixing of Frl0 to
Frll. From this fact, 1t 1s understood that the specimen
having a desired circular polarization selective retflection
property can be produced by mixing different fractions. And,
it can be predicted that the circular polarization selective
reflection property can be adjusted by adjusting mixing ratio
of different fractions. Further, 1t can be easily predicted that
such property generates when mixing fraction 1s changed.

Example 2

FIG. 3 shows the GPC elution curve of specimen prepared
by mixing fractionated sample Frll and Fr9 mentioned in
Table 1 by the mixing ratio o 7:3. Weight average molecular
weight of the mixed specimen becomes (Mw)=16600,
Mw/Mn=1.26 by mixing and molecular weight distribution
1s broadened along with the increase of the difference of
molecular weight of the mixed 2 specimens.

FIG. 4 shows the temperature dependency of circular
dichroism spectrum of a specimen prepared by mixing
preparative specimen Frll and Fr9 mentioned 1n Table 1 by
the mixing ratio of 7:3. When compared with circular
dichroism spectrum (CD) [(b) of FIG. 2] of mixture of Frll
and Fr10 by 7:3 mixing ratio, the peak wave-length of
circular dichroism reflection spectrum 1s more remarkably
shifted to longer wave-length side, and 1t 1s clear that there
1s strong correlation between adjusted molecular weight and
shifting value of circular polarization selective reflection
wave-length of cholestric liqud crystal phase.

The peak wave-length of circular dichroism selective
reflection spectrum of fraction Frll, specimen prepared by
mixing Frll and Fr10 by the mixing ratio 7:3 and specimen
prepared by mixing Frll and Fr9 by mixing ratio 7:3 are
shown 1n FIG. 5. Correlation of adjusted molecular weight
with shifting value of circular polarization selective reflec-
tion wave-length of cholestric liquid crystal phase can be
observed more clearly. From this fact, 1t 1s understood that
the specimen having desired circular polarization selective
reflection spectrum can be produced by adjusting molecular
weight by mixing.

INDUSTRIAL APPLICABILITY

As mentioned above, by the present invention, following
excellent eflect can be expected. That 1s, by previously
separating rigid rodlike helical optical active organic poly-
mers having chiral side chains to components whose
molecular weight distribution indicated by ratio of weight
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average molecular weight/number average molecular weight
1s 1n the range from more than 1.00 to less than 1.25 and
having different weight average molecular weight, the poly-
mer composition whose liquid crystallinity which shows
desired properties, especially phase transter temperature and
temperature dependency of optical property are optionally
adjusted can be obtained by mixing 2 or more above
mentioned separated components. Further, by using the said
liguad crystal property, the excellent effect, for example,
molecular devices, for example, optical device, memory
material or recognition sensor for chemical substances can
be produced simply and by low cost without using a large-
s1ze manufacturing facility, can be accomplished.

The mvention claimed 1s:

1. A process to produce a polymer liquid crystalline
composition having temperature dependency of a circular
polarization selective reflection wave length property by
mixing two or more starting materials obtained by fraction-
ation having different weight-average molecular weight
comprising, mixing two or more rigid rodlike helical poly-
mers with chiral side chains having different weight-average
molecular weight synthesized from same molecule and with
same repeating unit whose molecular weight distribution
defined by the ratio of weight average molecular weight/
number average molecular weight 1s from 1.00 to 1.25, and
controlling weight average molecular weight, number aver-
age molecular weight and molecular weight distribution by
mixing ratio.

2. A process to produce a polymer liquid crystalline
composition which shows temperature dependency of a
circular polarization selective reflection wave length prop-
erty by thermo-tropic liquid crystalline phase by mixing two
or more starting materials obtained by fractionation whose
welght average molecular weight are different.

3. The process to produce a polymer liquid crystalline
composition having temperature dependency of said circular
polarization selective reflection wave length property by
mixing two or more kinds of starting materials having
different weight-average molecular weight whose molecular
weight distribution and weight average molecular weight are
previously fixed comprising, the polymer compositions hav-
ing two or more different weight average molecular weight,
which are polymers synthesized from molecules whose rigid
rodlike helical repeating unit having chiral side chain of
claim 2, wherein said polymer composition 1s the polymer
having a repeating unit represented by following general
formula A,

general formula A

R/ R?
[Ti ST
R* R

wherein, R, and R, are the groups selected independently
from alkyl group of carbon number 2-22 or alkyl group of
carbon number 2-22 having aryl group at the end, R, 1s a
chiral alkyl group having branch structure at 3 site, R* 1s a
chiral alkyl group having branch structure at «. site, 3 site or
v site, left-handed (S) and/or right-handed (R) and when (S)
and (R) are existing together with, at least 1% of either 1s
contained, m=0 and n+m=0.01.

4. The process to produce a polymer liquid crystalline
composition having temperature dependency of said circular
polarization selective reflection wave length property by
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mixing two or more starting materials having different
weilght-average molecular weight whose molecular weight
distribution and weight average molecular weight are pre-
viously fixed of claim 3, wherein the weight-average
molecular weight of the polymers to be mixed 1s from 10000 5
to 100000.

5. The process to produce a polymer liquid crystalline
composition having temperature dependency of said circular
polarization selective reflection wave length property by
mixing two or more of starting materials having diflerent 10
welght-average molecular weight whose molecular weight
distribution and weight average molecular weight are pre-
viously fixed comprising, the polymer compositions having,
two or more different weight average molecular weight,
which are polymers synthesized from molecules whose rigid 15
rodlike helical repeating unit having chiral side chain of
claim 1, wherein said polymer composition 1s the polymer
having a repeating unit represented by following general
formula A,

20

general formula A

R! R?
|
—tSi+—+Sit—
25
I‘{* R?

8

wherein, R, and R, are the groups selected independently
from alkyl group of carbon number 2-22 or alkyl group of
carbon number 2-22 having aryl group at the end, R 1s a
chiral alkyl group having branch structure at 3 site, R* 15 a
chiral alkyl group having branch structure at a site, 3 site or
v site, left-handed (S) and/or right-handed (R) and when (S)
and (R) are existing together with, at least 1% of either 1s
contained, m=0 and n+m=0.01.

6. The process to produce a polymer liquid crystalline
composition having temperature dependency of said circular
polarlzatlon selective retlection wave length property by
mixing two or more starting materials having different
weight-average molecular weight whose molecular weight
distribution and weight average molecular weight are pre-
viously fixed of claim 5, wherein the weight-average
molecular weight of the polymers to be mixed 1s from 10000
to 100000.

7. The process to produce a polymer liquid crystalline
composition having temperature dependency of said circular
polarlzatlon selective retlection wave length property by
mixing two or more starting materials having different
welght-average molecular weight whose molecular weight
distribution and weight average molecular weight are pre-
viously fixed of claam 1, wherein the weight-average

molecular weight of the polymers to be mixed 1s from 10000
to 100000.
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